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VISIBLE SPECTRUM MQDtltATOR ARRAYS 

5 This is a continuation-in-part of United States 

Patent Application Serial Number 08/238,750, filed May 5, 
1994, which is a continuation-in-part of Serial No. 
08/032,711, filed March 17, 1993. 

This invention relates to visible spectrim 

10 (including ultra-violet and infrared) modulator arrays. 

Visible spectrum modulator arrays, such as backlit 
LCD computer screens, have arrays of electro-optical 
elements corresponding to pixels. Each element may be 
electronically controlled to alter light which is aimed 

15 to pass through the element. By controlling all of the 
elements of the array, black and white or, using 
appropriate elements, color images may be displayed. 
Non-backlit LCD arrays have similar properties but work 
on reflected light. These and other types of visible 

20 spectrum modulator arrays have a wide variety of other 
uses. 

PuffTn^ry pf th? Inv?nti9n 

In general, in one aspect, the invention features 
modulation of light in the visible spectrum using an 

25 array of modulation elements, and control circuitry 
connected to the array for controlling each of the 
modulation elements independently, each of the modulation 
elements having a surface which is caused to exhibit a 
predetermined impedance characteristic to particular 

30 frequencies of light. 

Implementations of the invention may include the 
following features. The sxirface may include antennas 
configured to interact with selected frequencies of 
light, or the surface may be a surface of an interference 
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cavity. The impedance characteristic may be reflection 
of particular frequencies of light, or transmission of 
particular frequencies of light. Each of the modulation 
elements may be an interference cavity that is deformable 
5 to alter the cavity dimension. The interference cavity 
may include a pair of cavity walls (e.g., mirrors) 
separated by a cavity dimension. One of the mirrors may 
be a broadband mirror and the other of the mirrors may be 
a narrow band mirror. Or both of the mirrors may be 

10 narrow band mirrors, or both of the mirrors may be broad 
band, non-metallic mirrors. The cavity may have a cavity 
dimension that renders the cavity resonant with respect 
to light of the frequency defined by the spectral 
characteristics of the mirrors and intrinsic cavity 

15 spacing in an iindeformed state. One of the mirrors may 
be a hybrid filter. One (or both) of the walls may be a 
dielectric material, a metallic material, or a composite 
dielectric/metallic material. The cavity may be 
deformable by virtue of a wall that is under tensile 

20 stress. The control circuitry may be connected for 

analog control of the impedance to light of each element. 
The analog control may be control of the degree of 
deformity of the deformable wall of the cavity. 

The predetermined impedance characteristic may 

25 include reflection of incident electromagnetic radiation 
in the visible spectrum, e.g., the proportion of incident 
electromagnetic radiation of a given frequency band that 
is, on average, reflected by each of the modulation 
elements. The modulation element may be responsive to a 

30 particular electrical condition to occupy either a state 
of higher reflectivity or a state of lower reflectivity, 
and the control circuitry may generate a stream of pulses 
having a duty cycle corresponding to the proportion of 
incident radiation that is reflected and places the 

35 modulation element in the higher state of reflectivity 
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during each the pulse and in the lover state of 
reflectivity in the intervals between the pulses. The 
characteristic may include eaission of electromagnetic 
radiation in the visible spectrum. The characteristic 
5 may include the amount of electromagnetic radiation in 
the visible spectrum that is emitted, on average, by the 
Mtennas. The characteristic may be incident 
electromagnetic radiation in the visible spectrim. The 
modulation elements may include three sub-elements each 

10 associated with one of three colors of the visible 

spectrum. The modulation element may be responsive to a 
particular electrical condition to occupy either a state 
of higher transmissivity or a state of lower 
transmissivity, and the control circuitry may generate a 

15 streaun of pulses having a duty cycle corresponding to the 
proportion of incident radiation that is transmitted and 
places the modulation element in the higher state of 
transmissivity diaring each the pulse and in the lower 
state of transmissivity in the intervals between the 

20 pulses. The characteristic may include the proportion of 
incident electromagnetic radiation of a given frequency 
band that is, on average, transmitted by each of the 
modulation elements. 

The visible spectrum may include ultraviolet 

25 frequencies, or infrared frequencies. 

In general, in another aspect of the invention, 
the control circuitry may be connected to the array for 
controlling the amplitude of light delivered by each of 
the modulation elements independently by pulse code 

30 modulation. 

In general, in another aspect, the invention 
features a modulation element having a def ozn&able portion 
held xinder tensile stress, and control circuitry 
connected to control the deformation of the deformable 

35 portion. 



Implementations of the invention may include the 
following features. The modulation element may be self-- 
supporting, or held on separate supports. The deformable 
portion may be a rectangular membrane supported along two 
5 opposite edges by supports which are orthogonal to the 
membrane. The deformable portion, under one mode of 
control by the control circuitry, may be collapsed onto a 
wall of the cavity. The control circuitry controls the 
deformable portion by signals applied to the modulation 

10 element, and the deformation of the control portion may 
be sxibject to hysteresis with respect to signals applied 
by the control circuitry. 

In general, in another aspect, the invention 
features modulating light in the visible spectrum using a 

15 deformable modulation element having a deformation 
mechanism and an optical portion, the deformation 
mechanism and the optical portion independently imparting 
to the element respectively a controlled deformation 
characteristic and a controlled modulation 

20 characteristic. 

Implementations of the invention may include the 
following features. The deformation mechanism may be a 
flexible membrane held in tensile stress, and the optical 
portion may be formed on the flexible membrane. The 

25 optical portion may be a mirror. The mirror may have a 
narrow band, or a broad band, or include a hybrid filter. 

In general, in another aspect, the invention 
broadly featxires a non-metal deformable modulation 
element. 

30 In general, in another aspect, the invention 

features a process for making cavity-type modulation 
elements by forming a sandwich of two layers and a 
sacrificial layer between them, the sacrificial layer 
having a thickness related to the final cavity dimension. 



